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ABSTRACT
L ~

This final report describes a continuing effort to develop coherent

optical processing techniques applicable to parallax measurement. The

IMF system, an experimental coherent optical processor, was modified

to automate the parallax measurement process. A CID camera system

was pi~ocured and installed in the experimental system. Used with phase,

rather than amplitude, matched filters, the CID camera provides adequate

sensitivity for correlation detection with lower video noise levels and

a fixed metric field. An electronic interface, capable of automatic

correlation peak detection , was designed , fabricated , and tested . This

interface and the associated control software was consistent with parallax

data collection rates of 30 samples per second. A preliminary evaluation

of the IMP system for pattern recognition was performed . Differences

in the power spectral density were observed for urban and rural regions.

The discrimination provided by a simple feature (power spectral density)

merits continued investigation (a concentrated study to evaluate the

effectiveness of coherent optical techniques for feature extraction and

pattern recognition is warranted).
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I

EVALUATION

This report summarizes the findings of a continuing

program to determine and provide improvements to an Image—

Matc hed Filter (IMF ) Correlator System.

The c u r r e n t ph ase of de velopment  has bee n pr imar ily

c o n c e r n e d  w i t h  t h r e e  a r e a s :

a. The i d e n t i f i c a t i o n  of a s o l i d — s t a t e i m a g i n g  dev ice

f o r  c o r r e l a t i o n  d e t e c t i o n .

b. Implementation of an electronic interface for

a u t o m a t i c  c o r r e l a t i o n  l o c a t i o n .

c.  D e v e l o p m e n t  of s o f t w a r e  fo r  pa ra l l ax  c o l l e c t i o n  at

30 samples per second.

S t a n d a r d  v i d i c o n s , c h a r g e — c o u p l e d  dev ices , and c h a r g e —

injection devices were evaluated for possible use as an

ou tpu t  c o r r e l a t i o n  d e t e c t o r .  The c h a r g e — i n j e c t i o n  d e v i c e

(cID) was use d and p rov ided  ade quate s e n s i t i v i t y  fo r

correlat ion detection with low video noise levels and a

fixed metric field.

Control Software for the PDP—8A computer was developed

for IMF system operat ion at a rate of 30 samples per second.

Computer rout ines to provide galvonometer control , aperture

_______________ ______________- 
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location and movement , and correlation peak detection were

written for the programmable control unit. The investigation

into the possibility of employing the IMF system for pattern

recognition and feature extraction was rather weak . The

report definitely does not indicate a full appreciation of

feature extraction/pattern recognition technology . Sorting

the differences of the Power Spectrum from a few aerial

scenes does not constitute a feature extraction/pattern

recognition investigation. A portion of this effort was

to explore the facets of optical versus digital image

processing by employing the IMF Correlation System. This

was not fully accomplished nor discussed within this report .

C o m p a r i s o n  of t he  f e a t u re extraction and pattern recog-

nition capabilities between d i g i t a l  and cohe ren t  op t i ca l

systems is warranted.

ANDREW R. PIRICH
P r o j e c t  E ng i n e e r

vi
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SECTION I

INTRO DUCTION

The extraction of elevation data from stereoscopic aerial photograp hs

requires determining with high accuracy the parallax associated with

distinct terrain regions. Thi s parallax, generated b y’ a change in viewing

angle, is the relative displacement of an object in the two stereo scenes.

O riginally, the parallax was measured by manual stereo-plotters and

ste reo-comparitors and subsequently reduced to obtain elevation and con-

tou r information. Over the past two decades , several automatic stereo-

compilation systems have been developed utilizing modern electronic

techniques. In general, these systems rely on a one-dimensional correl-

ation scheme. In this scheme, the aerial photographs comprising the stereo

pai r are scanned with a small beam; the video signals resulting from the 4
scanning process are electronicall y cross-correlated to determine the

parallax.

Although these electronic correlation systems have been increasingly

successful, improvements in operational performance, speeds , and costs

are possible. The Rome Air-Development Center (RA DC ) has been initru-

mental in exploring alternative approache s for stereoc ompilation which

avoid the limitations of the electronic schemes. In particular , coherent

- -  

optical data processing techniques offer advantages for both parallax 
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measurement and featur e extraction. Thi s final report describes a contin-

uing effort to develop coherent optical processing techniques applicable to

parallax measurement.

A key advantage of a coherent optical system is the direct pr esenc e of

both an input scene and its Fourier transform within the same processor.

Thus, either the image or its transform can be accessed. In addition., the

system can perform a two dimensional cross-correlation between an input

scene and a stored refer ence pattern.

Unde r a previous contrac tual phase, RADC assembled an Image Match-

ed Filter (IMP) system, a large ape rture coherent optical processor con-

taining the components necessary for parallax measurement. On this

system , the basic suitab ility of optical processing techniques for parallax

measurement was demonstrated in a manual mode by the Electro- Optics

Department of Ha r ri s Government Communi cation Systems Division.

Subsequent effort was directed to refine and improve the breadboa rd system.

During this phas e, the complexity of the optical system was significantl y re-

duced without sacrific ing performanc e, scan nin g accurac y was improved.

and automat ic techniqu es for scanner calibration were demonst rated. In

a ddition , pr eprocessing techn iques developed for the input images increased

th. uniformity of the correlation process.

2



The work des~~zibed in this report is a continued eiort to automate and

develop various techniques for  processing aerial imagery with the IMF

system. The specific objectives for  thi s contract (F30602-76-0381) were:

• Evaluate sensors , including CCD, CID, and TV raster scanners, to

determine the optimum correlation detection device.

• Develop an experimental system capable of collecting parallax data

from vertical frame photography at rates of 30 samples per second,

and

• Provide a methodology to extract cultural and terrain features from

aerial photographs with the IMP system.

This report details the activities perfo rmed to complete these object-

ives. Our results and conclusions, along with recommendations for future

activities , are summarized in Section II. A basic review of the theory

of optical data processing is presented in Section III; a discussion of the

potential  advantages offered by a coherent optical system for  stereocompilation

and f eat ur e extraction is also included . The capabilities and performance

offered by various area detection devices are summarized in Section IV; the

optical and electronic system operations are described , as well as the software

control functions. A description of a technique applicable to feature

extraction is presented in Section VI.

__ _ _  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  I



SEC TION II

RESULTS AND CONCLUSIONS

In this section, we briefly review the results and conclusions of our

investigation and present our recommendations for future activity. Relev-

ant supporting material is contained in subsequent sections of this repo rt. A

complete discussion of solid state image detectors is given in Section IV,

while Section V describes the present d evelopmental status of the IMP sys-

tem. The potential of a coherent optical processing system for feature

extraction is detailed in Section VI.

2.1 SUMMARY OF RESULTS

Previous experimental evaluation of the IMP system has demonstrated

the effectiveness of coherent optical processing for stereocompilation;

parallax data obtained on the IMF system showed good agteexnent with cor-

responding data from the AS-llB system (Final Technical Rep ort for Cont r-

I 

- 

act P30602 - 73 - C - 0312). Additional contract effort was initiated to im-

prove several areas of concern. In thi s continued activity, the complexit y

of the optical system was reduced significan tly, the stability and accur acy of

the scanning system was improved, the correlation performance of input

imagery was increased , and real-time spatial filter recording materials

were investigated. A complete discussion of these results are contained in

. _ 
_ _ _  — — 
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the Final Technical Report for Contract P30602 - 75 - 0305.

The current phase of system developmen t has been primarily concerned

with three areas: the identification of a solid state imaging device for cor-

rela tion detection , the implementation of an electronic interface for automa-

- tic correlation location, and the development of sof tware for parallax collec-

tion at 30 samp les per second. In addition , the potential of the IMP system

for feature extraction was investigated.

Current area imaging detectors , including standard vidicons , charge-

coupled devices , and charge-injection devices , were evaluated for possible

use as an output correlation detector. Based on present perfo rmance levels

and a random access capability , the charge-injecti on device (CI D) was eel-

acted. A CID camera. system was procured and installed in the breadboard

system. Used with phase, rather than aixiplitude , matched filters, the CID

camera provides adequate sensitivi ty for correlation detection with lower

video noise levels and a fixed metri c field.

An electronic interface providing the processing functions for automatic

correlation peak detection was designed , fabricated and tested. Although

the electronic interface performed well in the static test mode , seve ral ef-

Lects limited the performance In a dynami c mode. The cause for the limited

performance was established , and two pos sible corrective actions were

;_ ~~~_._ _
~~~__. .__ 
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identified. The interface, while not providing the potential accuracy of

which it is capable, di4 prove the feasibility of collecting parallax data at 30

samples per second.

Control software required for system operation at these rates was deve-

loped~ Computer routines to provide galvanorneter control, aperture locat-

ion and movement , and cor relation peak detection were written for the pro-

grammable control unit. With the solid stat e detecto r array in the system,

execution times were consistent with data collection rates of 30 samples per

second. In addition, data han dling and storage were provided at these exe-

cution rates.

A preliminary evaluation of the IMP system provides a direct access to

the input imagery, its Fourier transfor m, and a spatially filtered version of

the imagery. Although the potential value of these functions can be establi-

she d onl y through an in-depth statistical study, initial estimates of their ef-

fectiveness were obtained. One example was power spectr al anal ysis; the

energy distribution of power spectral density is dependent on scene content

and structure. Significant differences in the power spectral density were

observed for urban and ru ral regions , indicating a relativ ely simple feature

(such as the power spectrum) can be effective for terrain classification.

Additional discussion is provided in Section VI.

•~ ~~~ ~~~~~~ ~~~~~~~~~~ 
-. -
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2.2 CONCLUSIONS AND RECOMMENDATIONS

The indications of the experimental effort to date and the potential of

the IMP concept in terms of cost and flexibility justify further system

investi gation. Thi s is particularl y t rue with the increasing demand for an

automated pattern recognition scheme.

Several areas for improvement have been established during the pre-

sent effort. To provide reliable operation , the scanning system should be

refurbished. Although the existing scanning system provided good perfor-

mance in the past, these units are due for~ replacement. The existing open-

loop galvanometers should be upgraded with closed-loop , temperature

regulated units. Thi s will provide a significant increase in scanning accur-

acy, am well as improving system reliability . Thi s upgrade is wa rra nted

for both stereoc onipilat ion and feature extraction. 44 .
The electronic interface designed and fabricated for correlation detec -

tion should be modified to correct and improve performa nce In the dynami c

mode. Additional flexibili ty should be provided to use thi s modified inter-

face for bot h stereocompilation and pattern recognition experiments.

In addition , the possibili ty of using an optical processor for pattern

recognition from aerial photograp hs should be thoroughly Investigated.

7

— ~~



The IMF system contains the basic elements requ ired for such an investi-

gation. A concen trated , continuo us study is necessary to evaluate the

effectiveness of coherent optical processing for both feature extracti on and

pattern recognition.

i . 8: ~~~~~~~~~~~
—



SECTION III

PRINCIPLES OF OPTIC AL DATA PROCESSING

Coherent optics have a natural application to the processing of two-dim-

ensional Imagery. In contrast to digital computing, cohe rent optics directly

pro vides parallel processing of large quantities of data and is ideally mat-

ched to sequential frame aerial photography. Aerial photographs contain a

tremendous amount of niorma tion, typically over io8 bits per frame . Thi s

amount of information is easily &andledby an optical system , but represents

a significant problem for digital techniques in terms of both storage requir e-

ments and processing speeds. In addition , sinc e the optical system is an

analog processor , quantizin g and digitizing errors are not encount ered. In

thi s section we discuss the basic principles of a coherent optical processing

system.

3.1 COHERENT OPTICAL PROCESSING TECHNIQUES

Incoherent and coherent Illuminated optical systems have both been used

for optical processing. The advent and development of the gas laser made

coherently iiluminated systems prac tical and superio r in performance to in-

coherentl y illuminated systems. The ability of a coherent optical system to

project a direct image, to display a Fourier tr ansform , and to perform a

correlation simultaneously are key advantages.

~
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It is often desi rable to change the scale of the transf orm in a coherent

optical system. This pro vides a means of varying the relative scale of two

functions for optical filtering. Various methods to scale the transfo rm exist,

such as a variable focal length lens. A particularly simple method is to em-

ploy a convergent beam geometry to perform the transform operation. Thi s

geometry is utilized in the IMP system and can readily provide a scale

change of ± 10%.

The basic elements of a coherent optical processing system, as imple-

mented in the IMP system, are shown in Figure 3-1. In describing the

operation of the system, we assume that photographic transparencies are

used to input the data for processing and to record the filters for correlation

or spectrum weighting. A point source of monochromatic light is collinated

b y lens Lc and subsequentl y converged to plane P~ b y the transform lens L0,

pas sing through a transparency with tran smittance t(x) . The lens L~ image.

plane 
~l 

into plane F3; in the system, the relative positions of P1, L2, and

P3 are kept constant as the distance 1 ii varied.

For the one-dimsnsion*l case, the light amplitud, af ter passa ge th rough

the transparency is the product of a converging wave and the transmittance

t(x). This amplitude , denoted as A(x), can be repr esented by

j  10



MONOCHROMATIC
LIGHT

Figure 3-1 Variable Scale System
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Af . -jkx2
- A(x) 

~~~~
- ..(x) exp

where

Zn
1

~

A = amplitude of illumipation of L~

= wavelength of light

I = focal length of lens L0.

Applying Kirchoff’s formulation of Huygens’ principle, we see that the

distribution of light in plane P2 is

T(~~) A j ’ .~f!L e ~~~~ eu1C1 (i + cos

where r is the distance from a point x in plane P1 to a point ~ in plane P2
and the term (l+cos e )/Z is the obliquity factor.

Because the field angle 8 is small , we make the assumption that the

obliguity facto r (l+cos 9 )/2 is approximately one. Using the binomial cx-

pension, the distance r = (4 3 + ({ -xñ 1 
can be represented

12
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r

1 1 (
~ - x) i -

r C  - 

8

Assuming C is much grea ter than ~ or x allows us to retain only the first

two terms of the expansion; in addition, since the first term represents a

constant reference phase , it is dropped from the analysis.

The expression for T( 
~~

), the amplitude distribution in plane P2, then

becomes

. kx3 
_ _ _ _ _

T({ ) = / ~i .~~~~~ r t(x) e 2-~ e Z~.

where we have observed that h r  varies slowly in comparison to the inter-
2 4

grand. The phase terms in x cancel allowing the simplification

T(~~) e ~~ t(x) e dx.

The integral must be performed over the effective aperture in plane P1; this

is thus a function of C , the separ ation between the t r an sparen cy and the

transform plane. We require that the half-aperture W of lens L0 be la rg e

enough to illuminate the signal t (x ) for all t. of interest. The effective

13
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aperture size in the transparency plane P1 is then simply Wt/f. Inserting

these limits of integration into the expression for T( ~
) yields

WC./f I
T(~~) = g(~ , 4.) J’ t(x) e C dx,

-WC/f

where

g (L 4. ) = e 24.

The expression for F( ~
) can be arranged into a transform type relat-

ion with the variable change x= ~ 4./f ; this results in

T(~ ) = 7 g ({, 4. ) 
~f 

t(~~4 ./ f)e

-w

Since t(~ 4 . / f )  vanishes for fxl~~’ W , the limits on the integral can be

extended to infinity. T( ~
) and t(U 4. /f) then form a Fourier transfo rm pair.

The phase factor g ( g ,  C) is expected since the signal is not in the front focal

plane of L0. With this system there I s no limit on either the frequency res-

ponse or the reg ion of space-invariant operation, whereas when the signal is

placed in f ront of L0, there is a definite limit on both these quantities.

Spherical abe rr ation due to the glass plates used to enclose the signal can be

14
r
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compensated b y proper design of lens L0, since it is not a function of C.

However , we note that, for the IMF system, the spherical aberration is not

a significant factor. In fact , the convergent beam geometry generates less

aberration than the previous conventional set up employing the custom trans-

form lens.

From the transform relationship it is clear that the effective scale of

the input signal varies inversely as Land the size of the transform varies

directly as C.  This is precisely the relationship desired, since we wish to

vary the size of the transform with respect to a fixed scale in plane P2. A

spatial filter having an amplitude transmittance S( ~ ) can be placed in plane

P2 to modify the transform T( 
~ ) directly; thi s capability is used for perfo r-

rning a correlation operation. Alternately the Fourier transform is availa-

ble for direct examination or spectrum weighting. Thu spectrum weighting

functions available include differentiation, bandpass filtering, and edge-en-

hancement.

The amplitude r( u ) of the light in the output plane P3 of the optical sy-

stem is the Fourier transform of the wavefront emerging from the filter ,

i.e. 1r(u) = f S(p) T(p) ~~~~~ dp
PS

_ _ _  —

~~~~~~~~~~~
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where the spatial frequenc y variable p is related to the space coordinate ~
in plane P2 b y

Af

Her e for simplicity, the focal lengths of lens L2 and L0 are assumed to be

identical and are denoted b y f.

This relationship for r(u) can be used to perform a correlation opera-

tion between two functions t1(x) and t2(x ) the filter function required can be

generated as a spatial frequency carrier filter; the filter can be fo rmed with

the same optical system shown in Figure 3-1. The reference transparency

t1(x) is placed in plane P
~ 

and illuminated by the convergent wavefront pro-

duced by lens L0. The Fourier transform Ti(p) of the transparency is dis-

played in plane P2. An off-axis reference beam of collimated light is

incident on plane 
~~ 

at an angle ~; thi
, beam is represented by R exp (Jp b),

where b= ~i sin a • The irradiance produced in plane P2 is denoted by S(p)

and can be r ep resented

I ~~~~ . -

~
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IS(p) 12 
= Rexp(jp b) +

R 2 + JT (p) j
2 + Rexp(-jpb) T1(p) + Rexp(jpb)T1(p)

This resultant interference pattern 15(p) j2 is recorded on a suitable

recording medium, such as a high resolution photographic film or a photo -

plastic material. Materials of these types typically exhibit an amplitude

transmittance Ta which is linear in exposure E; the Ta~ E curve for the ma-

terial is characterized as

T = T  - R E,a o

where T0 is the amplitude intercept, ~ is the slape of the linear portion of

the T a E  curve, and E represents the exposing irradj ance. Thus, after the

recording material is exposed and processed, its amplitude transmittance

is

Ta(P) = T0 - ~ IS(p) 1 2

= ~~ f T ~ f~ - R
2 

- IS(p) J~ -
~~~ RT1 (p) exp(jp b)

- ~ RT1*(p)exp (-jp b ) ]

After  processing, the filter is replaced in the optical system and is

illuminated by T2(p), the Fourier transform of a second transparency t2(x).

In the output plane P3 of the processor, we observe three f i l t e r ed  versions

of the input data~

I

. . .
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r1 (-u) = :~~
-
~ 

T5 (p) [T0/~ - R3 
- I T1 (~ )ja J ~~~~~ dp,

r3 (- u) = -

~~~~~

- j ’ T1 (p) Ta (P)e~~~~
’
~~~ dp,

r3 (-u) = -
~~~~~

- T1*(p) T5 (p)e~~~~~~~~ dp.

The first filtered wavefront r
1(-u) is centered on the optical axis and is

generally of little interest. The second term r2(-u) represents the convolu-

tion of the two t ransparencies t1(x) and t2 (x); this term is centered at u= +b

and thus separable from the on-axis wavefront. The third term r3(-u).

centered at u= -b , represents the desired correlation between t1(x) and

t2(x). The coordinates u in the output plane P3 have reversed signs as a

consequence of the image inversion caused b y the sphe rical lenses; this in-

version implies that the filtered image is rotated through 180 degrees , a

natural result with any imaging system whether incoherentl y or coherently

illuminated. Th~ positive spherical lenses aiway . introduce a negative ker-

nel function into the Fourier transform operation.

Applying the convolution theorem to the expression for r3(-u) and noting

that the scale of T2(p ) i~ dependent on the separation C yields

r3(-u) J’ t1(x+u) t2 + x dx.

Thus, the output plane P3 contains the distribution r3(-u), which is the cor-

relation integral of t1(x) and tz(4 x). The scale of the second transparenc y

18



can be adjusted to match the reference function t1 (x) by varying the separa-

tion 4. .

The capability for scale variation allows the IMF system to use input

images that may differ significantly in relative scales. Movement of the

image along the optical axis would accomplish image scaling. This feature

would be of great importance for the identification and classification of

terrain characteristics.

3. 2 CROSS-CORRELATION PROCESSING FOR PARALLAX MEASURE-

MENT 4
A coherent optical correlator is used to determine parallax by cross-

correlati ng small regions in a stereo pa ir of transparencies. Let us

assume that one transparency h(x, y) from a stereo pair is used to make a

spatial filter as described above. The second transparency f(x, y) and this

filter are located respectively in planes P~ and P, of the system shown In

Figure 3-1.

If only a small area of the second transparency is illuminated, the out-

put plane P3 will contain a light intenafty patte rn corresponding to the cross 4
correlation of this Illuminated area with that of the entire first transparency.

Ideally, any given small area A.~ will cross correlate strongly with only

the corresponding small area Af of the first transparency. The position of

the cross correlation peak in plane P3 1. fixed by the relative positions of

19

~ 
~. - 

— i~~ 
-

~~~~~~~



these two small areas (Ab and Af ) in the input gate. Any change in position

for thi s region between the filter maldng ope ration and the cross correlat-

ion operation will cause a corresponding displacement shift of the correlat-

ion peak in the output plane. Thi s shift in correlation position can be used

to measure the parallax between the local regions. By sequentially ill umin-

ating portions of the second transparency, f(x, y), and detecting the positions

of the co rr esponding co rr elation peaks , we can measure parallax over the

entire input scene.

3.3 OPTICAL DATA PROCESSING FOR FEATURE EXTRACTIO N

Coherent optical processors in general and the IMF b r eadboa r d system

in particular have considerable potential for feature extraction. The IMF

system provides immediate access to a display of the input imagery, the

Fourier transform of that imagery, and the parallax info rmation for the

stereo pair. The simultaneous presence of these elements in a single sys-

tern is a unique situation having significant potential for image analysis and

featu re extraction.

There are three general classes of operations which can be performed

directly b y a coherent optical system. These are power spectr al anal ysis,

simple spatial filtering, and holographic spatial filtering. Additional opera-

tions can by implement ed b y combining the optical processor and a digital
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computer. In thi s hybrid system , data samples provided b y the optical sys-

tem are processed under programmed control by the digital computer; thi s

joint processing capability can perform non-linear operations not easily ac-

complished with either optical or digital systems separately.

Power spect ral analysis is simply accomplished b y measuring the in-

tensity distribution In the Fourier transform plane of the processor. A

sensor , located in the transform plane would sample. the intensity under

computer direction. This process could syn thesize any desired sampling

aperture; discrete , annular , or wedge-shaped samp les can be simulated.

Significant changes in the power spectra from various local reg ions of the

input imagery can be detected; these changes would outline the regions hay-

ing certain textural characteristics.

The introduction of various spatial filters into the transform plane can

significantly alter the characteristics of an image; either simple or holo-

graphic filters can be inserted. Simple filters , such as opaque disks and

symmetrical wedges , enhanc e certain characteristics of the image. This

type of image modification technique could be used as a specialized viewing

device b y a human interpreter. Holographic filters are used to effect a

cross-correlation betw een the input image and a reference scene. This

techniqu. can be used to ident ify and locate specific patterns as well as



provide parallax Information. Howeve r, the feature of inte r est must be

quite similar in scale and orientation to the reference patte rn to produce a

significant correlation in the output plane.
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SECTION IV

CORRELATIO N DETECTION DEVICES

During the course of the present cont ract , we investigated the possible

application to the ACME system of three different image sensors: a stand-

ard vidicon, a charge-coupled device, and a charge-injected device. Each

of the candidates utilizes a different technique to produce a video replica of

the intensity present in the correlation plane of the processor. In this sec-

tion, we first review the basic requirements for the output sensor in an au-

tomatic stereo compilation system. Next, the image sensors are discussed

and their relevant characteristics are given. The section is concluded with

a trade-off analysis to establish the device best suited for correlation detec-

tion.

4.1 OUTP UT SENSOR REQUIREMENTS

- The major function performed in an automati c stereo compilation sys-

tern is the measurement of ground elevation profiles. Typically, this meas-

urement uses a corr elation techniqu. which determines the small parallax

displacements of terrain regions in aerial photographs. The correlation

technique employed can be one- or two -dimen sional in nature . The image

matched filter concept used in the ACME system performs a true two- dimen-

siona l cross-correlation between the areas of aerial images. During the
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parallax collection operation, this cross-correlation is represented b y the

irradiance distribution in the output plane of the ACME system. The locat-

ion of the maximum correlation intensity in the output plane provides a

measure of the parallax displacement and, hence, the local groun d elevation.

The level of performance achieved by the system is gauged by the accuracy

of the ground elevation values.

A primary burden fo r the recognition and definition of the peak correl-

ation intensity is placed on the two dimensional area sensor positioned in the

output plane. This output s~ nso r , sampling the irradiance distribution in the

output plane, provides the conversion from the optical doma in to the elec-

tronic domain. The conversion must be consistent with overall system re-

quiremertts.

Several system requirements influence the selection of an output sensor.

One set of requirements is presented by the photogrammetric aspects of the

parallax data. The parallax values represent the small spatial displace-

ments of terrain areas between two aerial scenes. To provide useful infor-

mation , the measured parallax values must be referenced to a highly linear,

metrically accurate coordinate system. To obtain the degree of precision re-

quired . any geometric distortion introduced by the putput sensor must be

accounted for during the data reduction process. The resolution required
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during the parallax measurement is also critical. For typical operational

parameters, a difference in actual ground elevation of 0.4 m corresponds

to a nominal displacement in-the output plane (25 Mm) ; the output sen-

sor must provide resolution on this order .

A separate set of requirements is imposed b y the optical detection as-

pects of the parallax measurements. The intensity of the correlation peak

varies significantly as different areas of the image are addressed. The

threshold sensitivity of the output sensor must be sufficient to detect the lov~

power signals , while the dynamic range of the sensor must accommodate the

intensity variations. The signal-to-noise ratio (SNR) of the output detector

is anothe r consideration. Any degradation of the SNR for the , optical co rr el-

ation signal must be minimal. In addition, the SNR of the video correlation

signal must be adequate f~r detection b y subsequent processing electronics.

The anticipated data collection rate near 30 frames per second also impact.

sensor choice. The frame rate fixes the maximum sampling time available

to the output sensor. The frame rate and sensitivity of the sensor jointly

dete rmine the maximum data collection r ates.

Othe r properties of the sensor must also be considered. The image

retention and blooming tendency of the output sensor influence the accurac y

of the parallax measurement. Image retention b y the output sensor results

25
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from an incomplete erasure of previous images from the sensor area.

Image retention b y the sensor for an intense correlation peak would degrade

the system accuracy for subsequent weaker correlations. Similarly, the

blooming tendency of the output sensor can prevent accurate correlation

position measurements. Blooming occurs at localized areas of the sensor

which receive large ove rexposures. The blooming causes the apparent size

of the affected area to increase; this increased size introduces additional

inaccuracies to the correlation measurement process.

4. 2 OPERATIONAL PRINCIPLES

In this section, we review the operational principles of three area

imaging devices: the silicon vidicon, a charge coupled device (CCD), and a

charge injected device (CID). The silicon vidicon, based on a well-est*blis-

bed technology, is routinely used for commercial applications. Although

vidicon tubes have seve ral desirable features , they do int roduce geometric

distortion into the scanning process; this distortion is a key consideration

for a parallax measurement application. The two solid state arrays , the

CCD and CID area imagers , offer excellent metricity. However , these

devices do not presently achieve the resolution obtained by electron beam

tubes. To establish the limiting perfo rmance of the three imaging devices,

their basic contruction and operation must be considered.
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The standard silicon vidicon is an electron tube device which converts

an optical image into a video signal. The basic construction and operation

of a vidicon relies on a scanning electron beam and a photoconductive tar-

get. A transparent conductive layer , coated on the front surf ace of a photo-

conducto r , acts as a signal electrode. During operation , the photoconductor

is initially char ged b y a scanning electron beam to a uniform surface vol-

tage which creates an electric field within the photoconductive layer. An

optical image focused on the photoconductor su r fac e gene rates charge

ca r riers which migrate under the influence of the applied field to the photo -

conductor surfaces. These migrating charges modify the original su rf ace

voltage pr esent , fo rming an electrostatic latent image of the optical image.

The electron beam , whose size and shape are controlled b y focus and de-

flection coil s surr ounding the tube, scans in a raster type fas hion ac ross

the photoconduc to r and deposits a surface charge in proportion to the local

surface voltage. The charge deposition process generates a capacitve dis-

placement current at the signal electrode and returns the surface voltage to

its original uniform value. The capacitive displacement current, related to

the o riginal optical energy incident on the tube, is used to ckiv. the display

and processing electronics.

The charge-coupled imaging device (CCD) represents one technique .3

that achieves the capability of complete solid-state imaging. The CCD
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imager is composed of photosensor gates , a ve rtical line analog shift regis-

ter , and a ho rizontal line shift register. The operation of the device 1. sub-

divided into three phases: integrate, transfe r , and shift. These phases are

initiated by the clocked voltage levels present on the photo sensor gates ,

scan gates , and shift registers. During the integrate period, eac h photo-

sensor of the array is allowed to accumulate a charge packet proportional

to the local light energy. A low voltage level on the photosensor gate local-

izes the charge packet beneath the gate and prevents any charge transfer.

During the vertical blanking time, the photogenerated charge packet is tran-

sferred i nto the adjac ent CCD shift register element. The charge transfer

is enabled by a simultaneous high voltage level on the photoseneor gate and

a low voltage level on the scan gate. The potential ba r rier s gene r ated b y

these voltage levels transfer the charge packets into the adjacent elements

of the vertical shift register. Du ring the shift phase, each row of the

charge array stored in the vertical register is transferred into the horizon-

tal shift register; during this shift phase , the photosites are again allowed

to accumulate charge. The ho rizontal shift register is sequent ially clocked

to produce the video replica of the original image.

The charge-injected imaging device (CID) represents an alternative

technology for solid state imaging systems. The basic operation of the CID

is similar to that of the CCD. The CID operation is also divided into three

28
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phases: integrate , t ransfer , and inject. As in the CCD technology, these

phases are  initiated b y clocke~d voltage levels on the photosensor and tran s..

fer gates. During the integrate phase the photosensor sites are allowed to

accumulate a charge packet corresponding to the incident light intensity.

When one row of the array is selected for readout, the charge packet is

transferred to the adjacent charge storage elements. The transfer is Initi-

ated for a particular photosite b y a simultaneous high voltage level on the

photogate and low voltage level on the transfer gate. A selection circuit for

the CID sequentiall y t ransfe r the charge packets from the photoseneor area

to the storage areas. Although normally ope rated in this sequential mode,

the CID does possess the capability for random access addressing. The

charge packet stored at each site Is sensed by injection into the b ulk silicon

subst rate and detection of the associated displacement cur r ent . An on-chip

amplifier converts the displacement current into a video replica of the

original image.

4.3 DEVICE TRADE - OFF ANALYSIS AND SELECTION

The relative performance levels achieved by the three types of imaging

device. are summarized in Table 4-1. The devices summarized in the

table are commerciall y available and are gener ally representative of their

respective technologies. The vidicon, an MTI Type V-440, provides a
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scanning rate for 625 TV lines of 30 frames per second. The CCD imaging

device , a Fairchild CCD-2 11. provides scanning of 488 video lines at rates

up to 100 frames per second. The CID imaging device, incorporated in the

General Electric Z7892 CID television camera , provides a resolution of

488 video lines at a 30 frames per second scan rate. Both solid state de-

vices utilize a multiplexing technique to achieve their, full resolution.

The non-linearity and geometric distortion are significantly higher for

the vidicon than for the solid state sensors . The predominant cause for this

effect is the deflection system employed in the vidicon. Typically, pincush-

ion distortion is the main aberration causing the nonlinearity. The use of a

parabolic sweep generator and precision deflection yokes for the vidicon can

reduce the pincushion distortion significantly; however , the high scan fidelity

is attained only with the sacrifice of deflection speed and an increase in de-

vice cost. The linearity and distortion levels achieved for the solid state

sensors is completely dependent on fabrication techniques. In addition, the

presence of extraneous magnetic fields does not compromise the perfor.

mance levels for the solid state sensors.

The resolution achieved by vidicone is hig her than that of current solid

state sensors. The resolution for the vidicon is limited by the bandwidth of

the focussing coil and camera chain. The size of the scanning electron

beam is fixed by the focussing coil. Whereas the time response is deter-

mined by bandwidth constraints. Present state-of-the-art vidicons are ”
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limited to a maximum resolution of 2000 lines at TV frame rates. Present-

ly, solid state sensors do not achieve this resolution. Typical resolutions

achieved with the solid state devices are half that of standard vidicons. How-

eve r , the resolution of available CCD and CID arrays will improve a-s fab-

rication experience and techniques are deyeloped.

The sensitivity, signal-to-noise- ratio , and dynamic range are also im-

portant system considerations. These parameters establish the operating

characteristics of the image sensor. The sensitivities listed in Table 4-1

are for particular devices and are not indicative of fundamental technology

limitations; sensors are available which function in ambient light levels of

l0~
6 footcandles. The vidicon and CID presently have sensitivities in the

range necessar y for the ACME system. The higher sensitivity provided by

the CCD imager would necessitate added attenuation In the optical system.

Precautions to ensure no stray light degradation woul d also be necessary.

The signal-to-noise ratio and dynamic range provided b y the sensor s ar e

consistent with co rr elation recognition and detection.

Image retention or lag b y the output sensor Is another practical consid-

eration. Image lag b y the output sensor allows a signal , although

attenuated , to persist for seve ral video frames after its initial occurence.
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The image lag properties of the solid state devices are superior to those

of the vidicon. Image retention of the vidicon results from an incomplete

erasure of the photo-induced surface voltage. The amount of retention is

dependent on signal level; the table listing is representative of the retention

for an average signal level. Image retention in the solid state devices is

caused b y an incomplete transfer of charge from the photosites. A typical

level of the transfer inefficiency averaged over a video frame is 0. 5 x lU 4.

No degradation is caused b y transfer inefficiency for solid state arrays with

element densities in the range anticipated.

The high metric fidelity required for the stereo compilation system is

presen tly achieved only by the solid state imaging arrays. To achieve the

same level with a vidicon would require a substantial increase in both devic

complexity and expense. Similar limitations exist for increasing the frame

rate capability of the vidicon; special yoke and electronic design are requir

ed to achieve faster frame rates. These limitations eliminate the vidicon

as a viable candidate for a stereo compilation system.

-
. 

The two remaining candidates, the CCD and CID area imagers, have

comparable perfo rmance. Of these two , the CID area imager is easier to

fabricate. This typically yields CID imagers with fewer blemishes or bac

sites than comparable CCD devices. The readout process for the CID is
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slightly noisier tha n tl*t for the CCD; the increased noise arises from the

higher output capacitance of the CID area imager. However , an acceptable

SNR can be achieved with both devices. The readout stream from the CCD

is necessarily serial in nature; the CID can be addressed in an x-y matrix

fashion. Thus , the CID has a capability for random access readout. The

random access feature is desirable for an application such as stereo com-

pilation. The random access ability of the CID supports fast readout rates

wh ile still providing metric accuracy. As the technology Lox charge inject.

ion devices matures , it is reasonable to expect tha t even higher resolution

(ove r 1~~ elements per axis) can be achieved. The CID area imager , with

its random access capability, is the preferred detector for an engineering

model stereo compilation system.



SECTION V

IMF SYSTEM CONFiGURATION

A major goal of this contract was to develop and refine techniques for

the automatic extraction of parallax data from aerial photogra phs. In parti ..

cular , a hybrid electro— o ptical system capable of collecting parallax data at

rates of 30 samples per second was implemented. In this section of the re-

port we pr esent a functional description of thi s system concept. The

description detail, the optical and electronic subsystems involved and

covers the control functions provided by software. The section is concluded

by a discussion of the development , results and statua of the present .xperi-

mental system.

5.1 IMF SYSTEM DESCRIPTION

Cros s correlation techniques are used in the Image Matched Filter

(IMF ) system to measure terrain profile. Tb. cross-correlatio n operatio n ,

giving the best Linear estimate of simila ri ty , Is dependen t on the relative

displacements between the two function s evaluated. Thu s , the position of

the cross-correlation peak gives a direct measure of the relative displace-

znent , or parallax.

A key end use ident ified for the IMP system Is the ‘fast and accurats

measurement of this parall ax. The measurement proc... tnvolv.s det er-
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mining small, typically 50 to 100 .&m, displacements tn the relanve

position of a terrain region in two separate aerial photographs. The paral-

lax measurement must be performed at 0. 5 m m  intervals over the photo-

graphs forming the stereo pair.

Several key subsystems are required in the IMP system for the paral-

lax measurement process. An optical subsystem must be assembled to

perform a cross-correlation between two functions contained in transparen-

cy form; a Fourier transform geometry is employed to cross-correlate one

entire scene , stored as an image matched filter , and a small localized re-

gion of the second scene. An electronic subsystem must provide the neces-

sary functions to operate the system; these functions include accessing a

specified location in the second scene and determining the position and

Intensity of the correlation peak. The overall timing and control for opera-

tion and the actual data collection and storage must be accomp lished by a

programmable control unit which monitors the process.

The interrelationshi ps and functions of these subsystem s are shown by

the block diagram in Figure 5-1. Under software control the programmable

control unit (PCU) selects a specified location in the second trans parency

at which parallax is to be measured. Bina ry values corresponding to this

physical location are routed to digital-to-analog converters CD/A); the
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Figure 5-1 Functional Schematic of the IMP System
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D/A units convert the bina ry signal int o an analog voltage for the galvano-

meter drivers which then steer the scanning beam to the desired location.

The optical subsystem performs the cross-correlation between thi s location

and the entire first  scene of the stereo pair. This cross-correlation is

detected by a two dimensional area sensor , which in the present configura-

tion is a charge-injection device.

The effective field of view of the sensor is limited by a video gat ing

circuit. Although the correlation peak is not alway s the brightest point in

the entire output plane, the peak is usually the brightest in a local region.

Thus , by limiting the effective field , the peak can be t racked th rough areas

of weak correla tion. The video gating circuit limits the field of view to a

rectangular area of the sensor; the size and location of the aperture are

selectable by software commands from the PCU. Th~ gating circuit allows

only the video signal from a specified region to reach the correlation peak

detector module. The maximum video peak within this specified region is

detected as the true correlation , and its location and intensity are stored

for any subsequent processing or data reduction.

At this point the parallax values for one specifi ed location have been

established and stored. Depending on the stage of program completion, a-

nother scan point can be selected for parallax measurement or a data re-
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duction and display routine could be called for execution.

5. 1. 1 IMF OPTICAL SUBSYSTEM

The IMP optical subsystem used in this study has two functional modes :

the filter generation mode and the data collection mode. The present config-

uration of the system for filter generation is shown in Figure 5. 1. 1-1 , and

that for data collection is shown in Figure 5. 1. 1-2. The components

necessary for both modes of operation are present simultaneously on the

pneumatically supported optics table; the interchange between modes is

easily accomplished by repositioning only two mirrors: the beam routing

mirror M1 and the scanning mode mirror M2. A lens-pinhole spatial filter

assembly determines the correct orientation of M 1, and fixed mechanical

stops locate M~ .

In the filter generation mode (Figure 5. 1. 1-1), the 514. 5 sin light from

a Spectra Physics 165 Argon ion laser is directed into the system by beam

routing mirror M 1.- The incident laser beam is split into a signal and a

reference beam by a beamsp litte r . The reference beam is then spatially

filtered arid collimated wi~b its axis at an angl. of 300 to the signal beam

axis.

The signal beam forms a point source at P which is imaged into fil-
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ter plane by means of the lens combination Lc and Lt. The input transpar-

ency is held in a liquid gate G in the convergent region of the signal beam.

Thi s transform has a scale determined by the di stance between the input and

the focus of the signal beam. Thi s dependence upon input to frequency plane

separation can be used to correct for scale differences between input trans-

pa rencies. However , such scale correction was not employed in any of the

work reported here.

The image matched filter for the input is produced by posi tioning a

high resolution photographic plate itt the F.iurier plane P2 and exposing

the plate to the reference and signal beams simultaneously. The relative

intensities (IC - ratio) of the two beams are measured with an annular fiber

optic array coupled to a photodetector. The array accepts energy in a band

from 2 cy/mm to 5 cy/mm. After exposure arid processing , the photo-

graphic plate containing the image matched filter Is repositioned in the

optical Fourier plane P~• The system Is now ready for parallax data collec-

tion.

Tb. optical system arrangement for data collection is shown ift Figure

5. 1. 1-2. To change to the data collection mode, the beam routing mirror

Ml Is reoriented so that all of the laser light Is directed to a telecentric

galvanometer scanner. Tb. beam In this case Is formed In a narrow cone
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which illuminates an area approximately 1 mm in diameter at the input gate .

The scanning beam routing mirror M2 is translated into position against

fixed stops when converting to -the data collection mode.

The telecentric scanner consists of two small galvanometers whose

axes are at right angles and whose mirrors are in the conjugate planes of a

folded telescope. The scanner is positioned so that the scanning beam pin-

hole is imaged onto the center of both mirrors. Thi s assur es that the

.canMrig beam always appears to come from the same point regardless of

the direction in which it is deflected. The scanner and scanning beam

optics are a rranged so tha t the scanning beam pinhole and the telecentric

scanner are optically at the same position with respect to the lens pair Lc

and Lt as the signal beam pinhole was during filter generation. When the

system is properl y aligned , the image of the scanning beam pinhole remains

stationary regardless of the position of the scanning beam In the input gat e.

The image matched filter , when Illuminated by a wavefront derived

from a corresponding area of the input transparency, reconstructs a modi-

fied version of the original reference beam at a nominal angle of 300 to the

optical axis. Thi s beam Is reflected by the mirror to th, lens L which

forms the cross correlations In the output (correlation) plan.. This lens

and mirror are mounted on a small auxiliary optical ra il attached to the top
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of the optical table.

The cross-correlation is detected by a two-dimensional area sensor ,

which in the p resent configuration is a charge injection imaging device, the

The camera converts the optical signal into an electronic video signal for

subsequent processing and correlation detection.

Additionally, a two dimensional fiber optic ar ra y is mounted on the in-

put gate. Thu array conaicts of -a horizontal arid vartica. row of fibers pos i-

tioned along two adjacent edges of the input gate. These fibers lead to a

single photodetector whose output is sensed by an A I D  converter interfaced

to the programmable control unit. By moving the scanning beam along

thi s array, the PCU can automatically calibrate and linearize the galvano-

meter scanner.

5. 1.2. IMP ELECTRONIC SUBSYSTEM

The automatic recognition and detection of the correlation peak invol-

yes a number of operations. First , the correct correlation peak must be

identified. Although thi s operation Is relatively straightforward for regions

of high signal-to-noise ratio (SNR) and adequate intensity , it is gene rally

not posslole on a global basis. The correlation peak typically has a high

localized SNR , but is not the most intense point in the entire output plane.

44

------

- -

-
- - -

-

j  - -



Thus , the effective field of view for the sensor must be limited in regions

of weak correlation. In addition , the position of thi s limited field of view

must be controlled by software commands to tract the changing correlation

function. Second , the correlation peak location must be measured wi th high

precision. Thi s measurement process must be consistent with hig h speed

processing, while not requiring excessive bandwidths. Third , the technique

should be compatible with several output detector types , including standard

vidicort imaging tubes and solid state arrays.

Other functions must be provided by the electronic subsystem. The

interface must provide the drive signals for scanner operation; the drive

signals should be compatible with software control to correct for changes

such as scene orientation or scale drifts. The electronics must also meas-

ure the intensity of the correlation peak. The intensity is useful in establish-

-ing the field of view for the sensor. In addition , thi s feature can provide

a means to sample and quantize an arb itrary intens ity distribution; this

capability could be applied to power spectral analysis.

We developed a correlation peak tracking technique using these above

considerations as design goals. The technique is based on the use of a peak

stretching circuit in conjuction with a clock and counter. The peak stretch-

ing circu it determines the most intense point contained in the video signal;
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the clock and counter define the location of this point. A video gating

circuit is added to the peak detection module to allow only a selected area

of the output plane to be processed .

The functional schematic of the IMF electronic subsystem is shown in

Figure 5. 1. 2-1. The programmable control unit (PCU), a Digital Equip-

ment Corporation PDP - 8A minicomputer , p rovides the central direction

for the pa rallax data collection process. Under software control the PCU

establishes the boundaries of the rectangular region of the output plane

selected for processing. These boundaries are defined by fonr digital

words which designate the TV line numbers and times along these lines

which limit the field of view. These words are loaded into the buffers of

the aperture location module and are retained until updated. These buffers

control the start and stop action of a gated amplifie r in the sync removal

and video gating circuit. The input to the amplifier is the composite video

signal from the camera which is located in the correlation plane. The bori-

zon tal and vertical sync signals from the camera drive a frame synchronous

clock which runs at ZOO times the TV line rate; thi s clock ii used to meas-

ure time along a scan line. Digital compa ritors In the video gating circuit

monitor the values of the frame synchronous clock and TV line number.

When these valves are within the range specified by the aperture location

module, the composite video signal Is gated through to the peak detector.
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For values outside this range , the composite video is blocked. Thus , only

the region defined by the PCU is searched for the correlation peak.

The peak detector examines the video signal for the most intense

point with a peak stretching circuit consisting of a diode and capacitor

arranged to form a one-directional charging circuit. As the incoming video

signal increases, the capacitor is allowed to charge and to follow the input.

However, when the video signal decreases , the capacito r is prevented from

discharging by the forward-biased diode. Li the incoming video signal sub-

sequently exceeds the previous maximum, the capacitor again charges.

As the capacitor cha rges , the timer , providing the x-positiori of the peak ,

is allowed to count the values from the frame synchronous clock. When the

capacitor stops charging the count of the timer is frozen and indicates the

position of the peak. This circuit could stretch the video peak over an en-

tire TV frame; however , to ease the requirements on the droop character-

i stics of the circuit , the peak detector operates only on a line-by -line basis.

A reset pulse at the end of each raster line shorts the capacitor and reiniti-

alizes the circuit.

Two track/hold modules follow the peak detector. These modules have

diff erent time constants to provide p eak acqu isition over the TV frame per-

iod. The first track/hold module, operating over a short time frame ,

_ _ _ _  _ _  __-



acquires the peak valves for contiguous lines and compares them to deter-

mine the maximum valve. Each time a maximum peak is encountered, the

line counter is loaded with the corresponding line number. At the conclu-

sion of a frame the timer and line counter contain the valves corresponding

to the peak location.

The second track/hold module follows the peak valve over the time in-

terval specified by the cont nets of the aperture location buffers. At the con-

clusion of the frame, the peak intensity held by the second track/hol d mod-

ule is converted into a digital word and loaded into a buffer. The PCU by

polling the timer, line counter , arid buffer can establish the x-position,

y-position , and int ensity of the correlation peak. The PCU stores these

values and selects the next scan location. The aperture location is updated

and the process is repeated for the new scan location. 
-

The schematics for the circuits implemented for the IMF system are

presented in Appendix A. The appendix details the computer interface dr -

cults , the aperture location module, and the track/hold circuits. In addit-

ion , the analog electronic circui t which perform s the peak detection is

included.

The analog detection module was first fabricated using a vector boa rd

construction. Initial testing of this module revealed a noise problem caused
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by low signal levels and incomplete component isolation. To remedy this

situation , the analog detection moduLe was subsequently fab ricated on a cop-

per-clad printed circuit board which provided a positive ground plane and

increased noise isolation. Preliminary tests of this module showed impro-

ved noise performance in a static testing mode. The digita l interface cir-~
cuits were fabricated on standard Digital Equipment Corpora tion card s and

installed in the programmable control unit. Complete details of the inter-

face per fo rmance a r e given in Section 5.2 of this report. -

5. 1.3 IMF SOFTWARE CONTROL FUNCTIONS

The control functions for the IMF system are provided by the program-

mable control unit through software routines. The prog rammable con trol

unit is a Digital Equipment Corporation PDP-8A minicomputer with 32k

words of on-line starage capacity and dual floppy disc drive units for off-

line storage. The major controlling programs are written in FORTRAN-u,

a high level language chosen for its rapid execution times. Support

p rograms and subroutines utilize SABRR , a language commonly used on

the PDP family of minicomputers from Digital Equipment Corporation.

These two languages were selected for use because of their relative pro-

g ramming simp licity . Device handlers providing control over external

equipment cart be developed in the SABR language; the SABR handlers can

subsequently be used directly by the main FORTRAN-lI calling program.
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Interface options are available on the IMF system to support computer

cont rol of all major operations including the linearization and calibration of

the galva nometer scanner , the d rive and control of the galvanometer scan-

ner , and the automatic collection of parallax data for stereocompilation.

During previous contractual phases : the scanner linea rization feature has

been demonstrated. During the present effort , this capability- was not em-

ployed; however , the hardware components and interface ports are available

in the present system.

The icanner linearization can be accomplished by utilizing the fiber

- opti c array located at the periphery of the input liquid gate. The L-shaped

a r ray consists of 2 50 ~ m diameter optical fibers spaced on 5.00 mm

centers; the fiber array, terminated at a common photodetecto r , doe s not

block the active scan region of the gate. To linearize the scanner , the

operator initially directs the scanning beam to the corne r fiber of the array.

Under programmed control the beam is incrementally stepped across the

horizontal and vertical legs of the array. At each position of the beam, an

A/D conversion of the photodetector output can be performed. By locating

the positions that correspond to maximum transmitted power levels, the

computer can develop an array of digita l valves corresponding to known

t
R Tradema rk of Digital Equipment Corporation.

-
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p h ysical locations. This data can be stored and used to linearize the scan-

ning system. In order to calibrate these parameters in terms of direct

photocoordinates , the operator must direct the scanning beam to several

reseaus in the input  scene. Software developed during previous contractual

phases can perform the necessary  transformation from the f iber optic a r r a y

coordinates to the input photocoordinates; this t ransfo rmation accounts for

scale changes as well as rotations.

The control of the scanning system is provided by two digital-to-analog

( D/A) converters in the computer interface. Binary valves corresponding to

given physical locations are sent to the D/A converters; these valves ax e

subsequently converted to analog levels which are supplied to the galvano-

meter drivers. Computer controlled operation of the scanning system was

demonstrated on earlier p rog ram phases whe re its accurac y and valve was

proven. A separate interface compatible with the programmable control

uni t and different software device handlers consistent with the new operating

system were developed to utilize the automatic scanning process.

The package for automatic parallax collection was similarly developed;

thi s package contained the electronic s required for video gating and peak

detection , as well as the circuitry for reading the correlation position and

intensity. The software required to provide the timing and control of the
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interface electronics was also developed for the new PCU. This software

packa ge also provides the internal storage and a video storage of the collec-

ted data.

The flowchart indicating the operation of the data collection program is

shown in Figure 5. 1. 3; a complete program listin g is contained in Appendix

B. Correct operation requires that the scanning sequence is initialized.

This off-line, manual operation involves the adjustment of input scene orien-

tation and the selection of Ni, the number of data samples per parallax point.

The scene orientation is checked by comparing the projected image of the

input scene with the reconstructed image of the reference scene. The num-

ber of data samples per parallax point is specified in response to computer

prompting and represents the number of consecutive .video frames over which

the correlation peak is averaged.

After the scanning sequence has been initialized, the compute r directs

the scanning beam to the first point at which parallax data is to be collected.

The correlation peak , indicating the parallax valves for thi s initial point, is

displayed on the video monitor along with a pai r of electronically generated

crosshalrs. The operato r identifie s the location of the peak and enters a

series of change valves until the cros.hairs and peak are coincident. This

operation establishes the f irst  correlation peak for the computer; the auto-

_ _ _  
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INITIALIZE SCANNING
SEQUENCE

POSITION GALVANOMETERS
AT FIRST SCAN POINT

LOCATE CORR ELATION PEAK
ON VIDEO MONITOR

INITIATE AUTOMATI C SCANNING
AND CORRELATION TRACKING

POSITION GA LVANOMETER
AT SCAN PO4NT

r INCR EMENT SCAN SAMPLE LOCATION AND
INDEX J AMPLI TUDE OF PEAK

STORE PARALLAX VALUES

PREDICT NEXT APERTUR E
FOR CORRELATION SEARCH

NO 
LAST POINT

YES

DISPLAY/PRINT PARALLAX DATA

END

Figure 5. 1. 3 Flowchart for Software Program Operation
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rnatic data collection process now begins.

The scanning beam is directed to the next point. The location of a fixed

aperture region , representing approximately 1 per cent of the sensors field

of view, is simultaneously displayed on the video monitor. This aperture

dete rmines the region of the active video frame examined for the correlat-

ion. The interface electronics search this region for the moat intense point

and store its location and amplitude in a series of buffers. When the end of

the aperture has been reached , a flag is set. The computers, sensing thi s

flag, reads and subsequently stores the contents of the buffers. This search

and store sequence is repeated as required by the valve NI. The series

of values determined for the point are appropriately averaged and entered t
into the array of parallax valves. Based on the last locations of the correl-

ation peak, the loca-t~on of the aperture for the next scan point are then

collected using thi s predicted aperture location.

The data collection process is repeated until the last scan point has

been reached. The programmable control unit then display the parallax

data collected for the scan. Two types of display are used; a video display

is provide d, as well as a point out. The electroni c crosshairs are directed

to t race the profile defined by the correlation peak during the scan ; thi s

trace Is displayed on the video monitor. The array of valves representing

- 
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the horizontal and ve rtical locationa and the correlation intensity are printed

on the output te rminal ; the valves can be usc~d for further analysis or data

collection.

The software program controlling the data collection process has five

major subroutines. These subroutines direct or control a specific portion

of the overall process. The GALVO subroutine controls the value s output

to the scanning system; the sub routine accepts two digital values, directs

the digital-to-analog conversions, and routes these analog values to the

galvanometer drivers. The A? subroutine control s the location and size

of the electronic aperture. The AP subroutine accepts four arguments

which represent the locations of croeshairs on the video monito r and define

the active search region for the peak detection electronics; the subroutine

checks the bounds or~ ~hese ar guments and injects them into the video signal.

The remaining three sub routines provide the actual correlation peak acquis-

ition. The PEAK subroutine reads the contents of the buffers holding the

ho rizontal location , vertical location , and intensity of the correlation peak.

The subroutine also provides the timing and control to ensure synchro-

ni sm of the scanning process with the video detector. The PEAK routine

calls the two additional subro utines , ADC and CRVT , to suppo rt the inter-

fac e read operation. The ADC routine directs an analog to digital convex-
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sion of the peak intensity, whereas the CRVT routine masks unnecessary

bits f r om the two location registers.

a

5. Z IMF SYSTEM: DEVELOPMENT RESULTS AND STATUS

During the past and present contractual phases , the concepts and tech-

niques developed for the IMF system have demonstrated the applicability

of coherent optical processing to the stereocompilation problem. One parti-

cular area in which a significant improvement in correlation has been ob-

tained is the preprocessin g of input imagery. The edge detail contrast of

an aerial photograp h is one of the most importa nt factors affecting correlat-

ion performance in both coherently and incoherently illuminated optical

systems; images having greater edge detail contrast typically produce cor-

relation peaks with a higher signal-to-noise ratio than do images with lower

contrast. High contrast regions have more energy in the spatial frequency

bands critical to matched filter correlation and scatter less noise from the

film grain.

Two techniques were examined which demonstrated successful edge

• enhancement. Silver-masked input scene s prepared manually and input

scene s prepared on automatic dodging contract printing equipment showed

an improvement in correlation performance in comparison to standard con-

tact points onto high contrast emulsions. In the “silver masking ” technique.
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a silver mask is formed b y printing the original diapositive aerial photo-

graph onto a low contrast, negative working film. The o riginal photograph

is then placed in contact with an unexposed photographic plate having a high

contr ast emulsion. The silver mask is placed on top of the diapositive.

During exposure , the diapositive forms a sha rp po sitive image on the unex-

posed plate, while the silve r mask casts a blurred negative image. On a

gross scale, the transmissions of the o riginal and the mask tend to cancel

and produce a nearl y uniform exposure; however , on a smaller scale, the

sharp edge detail of the diapositive i. retained , since the ma sk produces a

blu rred image. Howeve r , gross tonal variations are smoothed in the high

contrast copy, and high edge contrast is maintained throughout.

The automatic dodging contact printer also provides edge enhanced

imagery with gross tonal variations removed. The automatic printer uses

a CRT as a light source with additional exposure control circuitry. The

scanning spot of the CRT is projected onto the plane containing the image to

be copied and the copy material. A photomultiplier tube (PMT) is used to

monitor the transmitted light from the CRT throug h the image. The PMT

output signal , a measure of local density, is used to increase or decrease

the velocity of the scanning spot. As the scanning spot is swept in a raste r

pattern ac ross the input scene, the copy material revieves varying point-



to-point exposure determ ined by local density values. The amount of edge

enhancement in the resulting image is determined by the size of the scan-

ning spot and contrast of the copy material.

Although the silver masking technique ultimately offers a greater im-

provement in correlation performance, the dodging contac t printer can be

adapted to automatic operation. In addition , furthe r modifications to the

automatic dodging process are possible which can provide nearly equivalent

performance. These results are also applicable to electronic correlation,

such as the A S-l i  stereocompilation system.

The accuracy and p recision provided by coherent optical p rocessing

techniques have also been demonstrated . Parallax data collected on the

IMF system was reduced and compared to similar data collected on the

~.endix AS-Il system. The data reduction accounted for the scale change,

as well as the rotational and translational b iases present in the data. The

data sets obtained are shown in Figure 5. 2-1. The parallax data obtained

with both systems for a section of the Canadian Test Model are in good

agreement . The root mean square difference between data sets is approai -

mately 25 
~ m if the small region (located near 14 mm) at the edge of a

precipitou s cliff is Ignored. (The position of the cliff varies rapidly and a

slight displacement betwee n the IMF and AS-li  scan paths can introduce

— 
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large parallax changes). For typical operational pa rameters , this pa rallax

difference corresponds to a ground profile uncertainty of 0. 4 m. Consider-

ing the hardware limitations of the present developmenta l system, these

results show remarkable accuracy and demonstrate the feasibility of employ-

ing coherent optical techniques for atereocompi lation.

Method s for improving the accuracy of the IMF system have also been

examined. In particular , the performance of the scanning system has been

investigated. A major re sult is the improvement in beam pointing accuracy

achievable wi th a closed loop, tempe rature regulated galvanometer. This

galvanometer type exhibited a pointing accuracy approximately five times

more precise than tha t of the corresponding open—loop devices currently

used in the system. Over a three hour observation period , the angular

drift of the open-loop galvanometer was typically 1. 5 mrad , corresponding

to a positioning error of 900 ~~ m. The stabtlity of the closed-loop, temper-

ature regulated galvanometers was considerably. better; the rms error in

pointing accuracy over a two hour period was 0. 26 mrad. The residual

errors of the closed loop galvanometers can be corrected wi th optical feed-

back techniques. 2 The current  phase of system development has been pri-

marily concerned with three areas: the identification of a solid state ima-

ging device for correlation detection , the implementation of an electronic

interface for automatic correlation location , and the developm ent of soft-
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ware for parallax collection at 30 samples per second.

Three different imaging devices were evaluated as possible output de-

tectors: a standard silicon vidicon , a charge-cou pled device , and a charge

injection device. A description of their operation and the details of their

pe rformance are given in Section IV of this report. The charge injection

device was the candidate detector selected for the IMF system. A CID

camera system was procured and subsequently installed in the breadboard.

To account for the lower sensitivity of the CID in comparison with the pre-

vious vidicon camera , bleached phase matched filters were used for cor-

relation. These filters allowed a significant increase in diffracted energy

without a decrease in signal-to-noise ratio; the average intensity provided

by the bleached filters to form the correlation was sufficient for the CID

camera. The solid state imaging device also exhibited lower video noise

levels than the conventional electron beam imaging tubes examined.

An electronic Interface providing the required processing and control

functions for automatic correlation peak detection was assembled. Thi s in-

te rface system described In Section 5. 1. 2, is compatible wi th both the

C~~ solid state ar ray and conventional vidicon-type devices. The accuracy

and precision obtained with the interface were evaluated In both stat i c and

dynamic modes. For the static mode tests , a correlation peak was ~is-
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played on the video monitor. This correlation peak had an adjustable in-

tensity and was the only signal in the output plane of the optical processor.

Under software control, the Inter face electronic, were directed to re-

peatedly acquire the position of the Isolated peak. During this process , the

aperture which restricts the sensor field-of-view was. fixed and represen-

ted approximately one per cent of the total sensor field. Simila rly, the

galvanometer scanning unit was maintained at a fixed location.

The accuracy of the Interface electronics in locating the defined cor-

relation peak was determined for several intensi ty Level, ranging from a

vi sually detectable level of 25 mV to an intense correlation peak of 200 my.

The results of these static mode tests were analysed and subsequently

grap hed in histogram form. These histograms are shown in Figures 5. 2-2

through 5. 2-4. The histogram, show the frequency of position occurrence

as a function of position; the positions have been normalized to span a lii-

teen unit Interval. Each unit represents a single position movement. In

the vertical direction, the increment represents one clock count. In the

spatial domain, both of these unit. correspond to a nominal ZSM m displace-

meat. Examination of the histograms show that, although the posit ional

accuracy of the interface electronics is dependent on signal Intensity, ac-

ceptable performance Is obtaIned in the sta tic mode .
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TRACKING ACCURACY FOR 25 MV INPUT SIGNAL 
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Figure 5. 2-2 Tracking Accuracy and Video Signal for Input Correlation
Peak of 2 5 mV
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TRACKING ACCURACY FOR 100 MV INPUT SIGNAL
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Figure 5. 2-3 Tracking Accuracy and Video Signal for Input Correlation
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TRACKING ACCURACY FOR 200 MV INPUT SIGNAL 

- .

HORI ZONTAL POSITION (RELATIVE CLOCK COUNT)
a. HORIZONTAL TRACKING ACCURACY

I’. 
~~~~ -. -,--.--.- .---.--. . . , - -,- .

A
5 5 5  I
I’.
5-.

S I IS IS IS It

VERTICAL POSITION (RELATIVE LINE NUMBER)
b. VERTICAL TRACKING ACCURACY

c. VIDEO CORRELATION SIGNAL

Figure 5. 2-4 . Tracking Acc-~racy and Video Signal for Input Correlation
Peak of 200 mV
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The test of the interface electronics in a dynamic mode required the

development of sof tware capable of data collection at 30 samples per second.

Software inItially developed failed to reach this execution rate. However ,

r efinements and modi fications to the controlling software program were

implemented which reduc ed execution time to acceptable levels. The pri-

mary change was the use of integer arithmetic rather than the normal float-

ing point fo rmat. In this scheme, the cor relation positional valves, as well

as the aperture location and the pl~vaiwmeter address.., -are pure in.tagera.

Similarly, any computation or calculation involving these values must be

performed in integer format, and care must be taken to ensure that proper

results are obtained. In an operational sense , the integer formats are not

significant drawb Acks because any conversion s to the floating point format

can be accomplished off-line during a period when speed is not a paramount

considerat ion. The final software program developed was capable of data

collection at TV frame rates of 30 parallax samples per second .

Tb. interface electronics were also tested in a dynamIc mode. Al -

though acceptable operation was adtteved for very intense correlation ~~zzls ,

the overall perfo rmance was limited by several effect, which were not pre-

sent In the stati c tests. During the dynamIc tests , all of the system fun c-

tions were operational; the galvanometer scanning, aperture location and

movement, and the peak detection features wsre used. The simultaneou s
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operation of these features generated additional noise in the correlation de-

tection and location process. Computer clock noise was coup led into the

video signal; this noise was reduced to acceptable levels by suitable low

pass filtering . A ringing phenomena was observed in dynamic testing on the

aperture boundaries. The ringing caused an uncertainty in the precise tune

and location of the aperture boundaries. However, the video gating cir-

cuitry, operating from a fixed clock signal, has a predetermined and peri-

odic window. Becau s of the uncertainty in the aperture location, the gat-

ing circuit sometimes allowed undesired signals to reach the peak detector.

The undesired signal was a portion of the aperture bounda ry. In regions

where weak correlation signals were obtained , the aperture bounda ry

(crosshairs) exceeded the intensity of the correlation signal and was erron-

eously identif ied as the actual correlation peak .

The software controlling program used a predictive algorithm to cal-

culate the location of the aperture. The incorrect da ta points preve nted

proper action of the agorithm. The parallax data gathered with the system

In a dynamic mode had significant variations because of the ringing problem.

Two approaches to correct this Issue were identified. The first ap-

proach Involvid a refinement of the hardware design to take advantage of

components which have recently become available. Integrated circ t~its to

provide the gating function and the peak detection are now available
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which satisy oper ational requirements. Only a discr ete electronic design

was possible during the initial program phases. The substitution of the

integrated circuits for the discrete electronics should significantly reduce

the noise and ringing levels, and thus improve performance. The second

approach was the implementation of a completely digital peak detection

system. Component costs and cycle times for this approach have decreased

significantly since original program funding. The digital peak detection ap-

p-roach is at thi s time a major candi date. In addition, the digital peak det.!

ection approach offers a greater potential for the feature extraction process;

the approach is directly compatible with the digitizing process required to

obtain, conve rt and manipulate selected features of an image. Further pur-

suit of these two approaches was outside the scope of current funding .

The technical effort for the program was terminated prior to the corn—

plete demonstration of system goals. A time delay was partially responsible

for a considerable amount of labor expended to repair the governznent - fizrnished

galvanometer scanning system . The recurring failures of the galvanotn~ter

drivers, critical for system operation , prevented additional development of

the interface electronics.
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Despite the premature termination of the technical activity, all of the 
- 

-

primary stereocompilation goals were partially demonstrated; the5e in-

clude:

• Solid state area sensor arrays were surveyed for possible use

in correlation detection; a charge-injection device was selected

and subsequently installed in the experimental system.

e Interface electronics necessary to perform automatic peak

detection were designed, fabricated, and tested.

e The software control routines required to drive the parallax

collection process were demonst rated at da ta sample r ates of 30

frames per second.
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SECTION VI

FEATURE EXTRACTION

The identification and subsequent location of patterns from aerial pho-

tographic imagery provides information of significant value to both gove rn-

ment and civilian agencies. Government groups gathe r inIorrz~~tion relating

to tactical weapon dep loyment and the development status of strategic areas.

Similarly, civilian agencies routinely monitor earth resources and perform

survey functions using aerial photog raphy. Presently, the major portion of

these effort. are performed manually by trained photo-interpreters. These
- interpreters, relying on past experience and developed skills, search indi-

vidual frames of imagery to locate and catalog the patterns of interest.

Although aided partially by computer data-logging techniques , this locati on

and catalog process is tedious and slow. The increasing volume of imagery

generated for analy sis cannot be processed in a timely manner with manual

techniques. To satisf y the critical demand for current and reliable Infor-

mation, an automated pattern recognition scheme must be developed.

Whether perf ormed manually or automatically, the actual patter n

recognition process Involves three key steps. First , the featu res neces sary

to characterize and distinquish pa rticular patterns must be determined.

Second, these selected features must be extracted for the different areas

-~1~ 
73

-- ~~~~~~~~~- ~~~~~~ ——--- - -~~ -______ —  - - -- - - - - -  

- -

— -

~

- - - - - - -



of the image. Third, the relevant data must be processed to classify or

recognize the patterns of interest. These steps of feature selection , ex-

traction , and classification must take into account variations in pattern

appearance (e. g. ,  sb~pe, orienta tion, and scale) expected statistically

both within a frame and between frame. of aerial imagery; this capability

is a major consideration for any pattdrn recognition process. The photo-

interpreter relies on his experience and judgement in handling these

variations; the automated process must possess a comparable capability .

The pattern recognition process can rang e from relatively simple tasks ,

such as separating urban and rural regi ons, to highly complex tasks , such

as identif ying aircraft types present at landing facilities. Similarly, the

features associated with these tasks can vary over a wide spectrum . The

selection of featur es to perform these taslr e is often done in an intuitive or

subjective fashion. A set of features which are felt to provide a separabi-

lity between patterns or classes can be developed and subsequently tested .

The e f f e ctiveness and comple teness of the f eature set are then evaluated in

initial pattern recognition or clas, separation tests. Based on thi s evalua-

tion, the original set of features can be modified to provide better per—

formance. For example, a feature with little influence on the process

____ - - 
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might be deleted , while another feature, not initially included in the

feature set, might be added to provide a higher discrimination measure. In

addition, various features can be altered to form linear and non—linear com-

binatlons which offer simplified processing or faster sorting time. This

feature refinement process can be continued until satisfactory performance

is achieved.

The selection of a set of features is a critical stage of the pattern

recognition process. This feature set must be complete; - that is, the fea-

tures must adequately describe the patt erns of interest and differentiate

among them. The features must also be efficient to provide a maximum

accuracy with minimum processing storage and time demands. In addition ,

the features must be relatively insensitive to the statistical variations in

pattern appearance.

The major aim of the feature selection process is to choose the minimum

number of features which preserve class separability . The effectiveness of

the chosen feature set can be measured by the probability of error. This

probability, aff ected by the scatter and variation encountered, is highly

dependen t on the particular recognition task at hand .

Pattern recognition fr om aerial photog raphs with a purely digital

processing facility must rely pr imarily on a high resolution digital pixel

repres entatIon of the image. From thi s representation other features can

— ____  —-~~ — — ~~~~~~~~~~~
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be constructed. A. low resolution pixel matrix can be developed for cour se

recognition through averaging techniques. Various transforms, including

the Fourier and Mellon transforms, can be calculated for different size

regions of the image. The cross-correlation, yielding the parallax values

for ground profiles, can be computed for stereo pairs of images. Low,

high, and bandpaas spatial filtering of the original pixel representation

can be implemented through suitable software algorithms. However, all of

the.e rep re entatione demand a significant amount of memory e4ora~e and

require additional processing time.

An alternative or adjunct to scanning and digitally processing an image

for feature extraction is the use of optical technique. directly on the image.

A coherent optical processing system has considerable potential in the

feature extraction area. An optical processing system, such as the IMP

breadboard, provides direct access to the input imagery, the Fourier tra ras-

form of that imagery, and a filte red version of the image. The simultan-

eous presence of these three elements in a single system is a unique

situation having significant advantages for pattern recognition. In addition,

these f unctions can be provided withou t a demand for digital memory storage

or an increase In processing times; these are key considerations for

feature extraction and subsequent pattern recognition.
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A coherent optical processor can directly yield the digital pixel repre-

sentation at various scales for aerial photographs. A simple modification

to the scanning geometry of the IMP system would provide this capability.

To accomplish this task, a set of lenses, mounted in a turret assembly

whose position is computer controlled, is added to the scanning beam

optics. Each lens is chosera to provide a different diameter scanning beam

in the input plane of the processor. A single detector in the transform

plan. waadd ~‘oll i~~t all th. light transmitted thz~ough the pbo4ogr~ph; a

single analog-to-digital converter sampling the detected energy would

provide the pixel valve for the given location and area of the scanning beam.

By automatically selecting different lenses of the turret assembly, the

computer could digitize the image at various resolutions. In addition,

simple spatial filtering could be employed to obtain filtered versions of the

imagery. For e~~znple, a tr ansmissive or opaque disc located prior to the

detector in the transform plane would allow a low or high passed filtered

image to be digitized. Similarly, a transmisaive annular filter in front of

the detector would provide a spatia lly band-passed image to be digitized.

The image could thus be digitized in a variety of formats with a coherent

processing system . This sampling process is capable of high speeds; a

digitizing rate of 501( pixels per second at 500 Ipi resolution s feasible .

Power spectral anal ysis can also be directly implemented with the IMF
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system. The transform plane of the IMF system contains a light intensity

distribution which is the spatial frequency power spectra of the image in the

input plane. The measurement of the intensity distribution can be simply

accomplished by locating a two dimensional solid-state area array in the

transform plane; analog-to-digital conversion of the resulting signal

provides a digital representation of the power spectra at video bandwidths.

The power spectra can thus be measured directly at high rates instesd of

calculated or computed from digital pixel representa ti ons. lit addition ,

since the scanning system can access different locations of the input image

and provide a range of scanning spot diameters, the power spectra can be

determined directly for localized regions of the image. Thus , changes in

the spectra for various local regions could be detected and utilized for fea-

ture extraction.

A conventional two dimensional array, such as a C ID used in conjunc-

tion with an a/d converter and a digital computer can be used to synthesize

unique, specially shaped apertures in the transform plane. For instance, a

ser ies of concentric rings and radial wedges ( similar to those of the Recog-

nition System ROSA detector) can be simulated. Although this pattern is

simplistic, successful photograph sorting has been demonstrated in relati-

vely simple applications. The value of the ring and wedge detector pattern
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for feature extraction requires furthe r Investigation.

The IMP system can provide another fea tur e measure for pattern re-

cognit ion; parall~~ can be determined for local areas of the image. The

parsUax valve can discri minat e certain classes of terrain. For example,

th• frequent and large par.ll~~ changes cha racterizes some ter rain regions

(such as mountains and urban areas), but not others (such as agricultural

regions and bodies of water) . Para-il-s-~ measurements have potential as an

effective featur. for pattern recognition.

A series of expe riments were conducted to demonstrate the prelimin-

ary value of a coherent optical processing system for feature extra ction and

pattern recognition. Conventional contact copying techniques were used to

generat . sample Imagery on high resolution plates from typical aerial pho-

i~Itogrsphs. The proceseed images were placed in the input plane of the IMP

system, and their power spectra were observe d. For the experiments, a - 4
scanning beam diameter of 5 mm was used for illumination and a DC block

)
was located in the transform plane to eliminate the low frequency compon-

ent.

Sections of different terrain regions and the corresponding power

spectra are shown in Figures 6-1 through 6-3. Three different terrain

types were selected which include an urban area , an airwa y landing faci-
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a. SECTION OF O R I G I N A L  A E R I A L  PHOTOGRAPH

2 CV/mm

b. CORRESPONDING POWER SPECTRUM

Figure 6-1 Image and Power Spectrum of Typical Urban Area
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a. SECTION OF ORIGINAL A E R I A L  PHOTOGRAPH

2 CV/mm -
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b. CORRESPONDING POWER SPECTRUM

Figure 6-2 Image and Power Spectra of Airway Landing Facility
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a. SECTION OF ORIGINAL AERIAL PHOTOGRAPH

2 CY/mm

—4

b. CORRESPONDING POWER SPECTRUM

Figure 6-3 Image and Power Spectra of Rural Terrain
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lity , and a rural region. The urban region , shown in Figure 6-1 (a), con-

tains a housing development with well-defined features; the houses and

streets fo rm a two dimensional pattern with a reasonably pieriodi c struct-

ure. Thi s regularity is evidenced in the power spectra shown in Figure

6-1 (b) by the cross-like transform pattern is caused by the regular edges

and even features of the housing development. A similar result occurs

for the airway landing facility shown in Figure 6-2(a). The sharp edges

and constant -orienta tion of the rn~way generate a Fourier transform of

Figure 6-2 (b) having significant energy in only one direction.

Fine scale, continued features of an image are represented in the

transform plane by an intensity pattern perpendicular to the feature direct-

ion. Typically, man-made objects are characterized by fine-scale,

continued features which have regular structure. Examples include roads,

housing developments , and urban centers. The detection of preferred or

high intensi ty axes in the transfor m plane indicate structure associated - 

-

with regular cha racteristics and yield information on their orientation.

For comparison , a rural region and its power spectrum are shown in

Figure 6-3. The rural region shown in Figure 6-3 (a) is devoid of man-

made structures and exhibits no regular or periodic structure. The

associated power spectra of figure 6-3 (b) simila rly has no pre ferred dir-
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ection or characteristics. The intensity of the transform decreases in a

uniform radial fashion.

Additional investigation of the feature extraction and pattern recogni-

tion capabilities of coherent optical processing is warranted. The three

figures demonstrate the effectiveness of a simple feature, the directional

dependence of the Fourier transform, in separating or sorting man-made

and rural terrain regions. With immediate access to the Fourier trans-

- 
form, a coherent processing system could perform the separation simply,

directly and accurately. The results of the sepa ration operation could be

used to pre-screen imagery for subsequent manual or digital classification

or to provide initial estimates of terrain boundaries for additional optical

recognition.

While coherent optical processing for feature extraction is promising,

there is no guarantee tha t thi s technique will be highly successful and, in

any case, a fai rly significant technical effort will be required to develop

and prove an operational system. On the other hand, the same comments

can be applied to digital processing of scanned imagery . There certa inly

is hope that truly competent sy stems for feature extraction and classifica-

tion can be developed; coherent optical processing could be a significant

portion of this system. However, the problem is one of g reat difficulty and
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APPENDIX A

CIRCUIT SCHEMATICS FOR IMF
INTERFACE ELECTRONICS

This appendix details the components and connections utilized in

the IMF interface electronics. The appendix includes the circuit diagrams

for the computer interface, the aperture location module, and the track/

hold circuits. In addition, the analog electronic circuit which performs

the peak detection is Included. A full description of system operation is

presented in Section 5. 1. 2.

I,
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APPENDIX B

This appendix contains the program listings for the software

developed for the IMF interface. The software controlling programs are

written In Fortran-il and SABR, compatible with the DEC 05-8 opera-

ting system. These two languages were selected because of their relative

prog ramming simplicity and their iat.rfacing convenience. The inte rface

options support the dr ive and control of the galvanometer scanner , the

selection and oper ation of the peak d.t .ction module, and the processi ng

and storage for para llax data collection. Th. flowchart for system oper -

ation and the -description of prog ram function s are included in Section

5.1 .3.  -
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ERROR S 4.• ~ 5. 34~ y. —“ p. —~
,

IJR TOO SMALL
AR-C
.1 EDIT
$$CAN.FT<I CAN.FT

SR

.5

.5

5*
SL
C$S**S*S*$*S**$s*s*sS**55$*s*$****t**s**$$*****$$S$$$$$*$*$$$~ $$
C VAR IAbLE DEFINITION
CC VARIAbLES FOR APERTURE CONTROL (AR SUbROUTINE )
C IX 1—— DIGITA L VALUE FOR LEFT HAIR
C 1X2——DIGITM . VAL UE FOR RIGHT HAIR
C IYI——DIOITA S. VALUE FOR TOP HAIR
C 1Y2——DIGITAL VALUE FOR OTTOM HAIR
C IX —-TEMPORARY USE FOR INCREMENT ON X POSITION
C --RUNNING AVERAOE FOR PAST FIVE * PEAK LOCATIONS
C IY —-TEMPORARY USE EOR INCRENENT ON V POSITION
C --RUNNING USE FOR INCREMENT ON V POSITION - -

C
C INTESER VAR lADLES FOR GALVO CONTROL (GALa w~~ wI uul )
C - - -- lOX—— VALU E FOR X POSITION
C IGY-—VALU E FOR V POSITION
C N —-VALUE INDEX FOR SCANNING (300,1500.A)
C N ——VALUE INDEX FOR PARALLAX ARRAY
CC INTEGER VALUES FOR PEAK LOCATION (PEAK SUISOUTIME)
C JXL-—X POSITION OF CORRELATION PEAK
C - JYL——Y POSITION OF CORRELATION PEAK
C JAL——AMPLITUDE OF CORRELATION PEAK
C JXA (N)-—ARRAY OF * POSITIONS OP PEAK
C JYA (N)-—ARRAY OF V POSITIONS OF PEAK
C JANP(N)-ARRAY OF PEAK AMPLITUDES
CSSS*SS*S****$**$SSS*S***ISS*S**$***********S****SSs*S*****s*S**C THIS IS THE MAIN PROORAN AREA S

DIMENSION JXA(201),JYA(201),JAMP(201)
READ (I,A+) NI
FORMAT(34HNIj IISER OF SA$PLES/PIXEL.,I3)
IX1—I~~

- - - IX2alP5
IYI.117
1Y2 .117

- $_ __ JNS AP /1ST UP CROSIHAIRE
IOX.300
IOY.300

- S .iNI GALVO /MOVC SALVO — .-- ---
C THIS INITIALIZES THE APERTURE FOR THE C*NIII
1 READ (1,2) IX

- - - .  READ (1.2) IV -- •- - ________—-- - -

2 FORMAT(I4) - - - - -
IXI.IXI+IX

- IX2— 1X2+IX _____________

IY1.IYI+IY
IY2—1Y2+IY -

$ JIll AP /157 UP NEW APERTURE—- -

WRITE(1,I) IXI~~IYI
• FORMA T(4HL EFT,14,A$ TOP.14)

RE*D(1.3) ENUF - -- - -.  - -

~



3
IF (ENUF)4.1,1

4 CONTINUEL IX— IX 1
IY—IY I
IX1— IX—15
IX2~~~*+15
IY I.IY—15
IY2.IY+15

S JN$ AR /1(7 UP APERTURE
5 CONTINUE

DO 20 M 300.1500.4 - -

lOX—N
- - - IGY M - - -

DO 10 NF.1.NI -

S JIll SALVO /MOVE SALVO TO SCAN POINT
$ JIlS PEAK /$AMPLI LOCATION AND PEAK NIZONT

JXA (N)—JXA ( N)+JXL
JYA (N)—J YA (N)+JY I. - .

- JANP (N).J*L
10 CONTINUE

JXA ( N)•JXA (N)/N1 
-

- - JYA (N)—J YA (N)/N 1
IF (N—I) 15.&5~ 12

12 IX (JXA (N—4)+JXA (N—3)+JXA (N—2)+JXA (N—1 )+JX*(N) )/5
- - - -  IY.(JYA (N—4)+JYA(N—3)+JYA (N—2 )+JYA(N— 1 )+JYA(N) )/$

15 IX1.IX—15 -

1X2.IX+15
- - - IY I.IY—15 - 

IY2.IY+15
$ .iNI AR /IST UP INITIAL APERTURE
20 CONT INUE -

WR ITE (1.30)
30 FORM AT (4X.5NINDIX.AX.5HXPO$N,oX,SNYPOSN,dX,3HAIIPTD)

- DO 50 N—1.201 - 
-

WRITE( 1 .45)N.JXA (*4 ) .JYA( N) .JAMP(N)
45 FORNAT(AX.I5,AX ,I5,SX,I5,AX ,I5)

IXI—JXA(N) -

1X2.JXA (N)
IYI JYA (N)
1Y2.JYA (N) - -

• JNS AR /TRACE THE PARALLAX PATH
50 CONTINUE

00 TO 500

C THIS SUbROUTINE IS USED TO CONTROL THE OUTPUTS TO THE
C TWO SALVO DRIV(R$ IN THE ACME SYSTEM. THE TWO INTEGER
C ARGUMENTS AND THEIR RANGES ARE S
C - 0 CISX(X SALVO DRIVER)(2044
C 0 CISY(Y SALVO ORIVER)<2044
C THE IMPORTANT INTERFACE COMMANDS FOR THE ROUTINE ARSI
C 4331—OUTPUT * SALVO VALUE - -

C 4332—-OUTPUT V SALVO VALUE
• C THE VALUE$.WNICN ARE PRESENT IN THE ACCUMULATOR.*RE

C P/A CONVERTED AN) ROUTED TO THE SALVO DRIVERS WHEN THE
C OUTPUT COMMANDI ARE ENCOUNTERED.

S SALVO . 0000 /RENENSER CAU.INS ADIRESS
I CLA /PREPARE FOR SHOVE
$ TAD %ISX /LOAD * VALUE
S 4331 /INOUE IT - -

$ TA) ~IIY /LOAD V VALUEI 4332 /SNOVE IT
S ..J~~2 1AL’~’ __ _,’I ~~CIH

100

I: - - 

• -

~~ 

~~
- : -  ~~~~~~~~~~~~~~~~~~~~~~~~~~



C THIS IS A SUbROUTINE TO READ THE ACNE INTERFACE. THEC ARGUMENTS ARE S
C JXL. —- THE X PEAK ~..OCATION
C JYL -— THE Y PEAK LOCATIONC JAL -- THE PEAK AMPLITUDE
C THE KEY INTERFACE COMMANDS ARE S
C -- - 4341 —— READ X LOCATION
C 4342 —— READ V LOCATION

I PEAK. 0000 /REMEMDER CALLING ADDRESS
C MUST READ THE INTERFACE LOCAT ION

JXL.O
JYL.O
JAL.0

310 - CONTINUE
S CLA /CLEAR AC
S 4314 /RESET FLAG
S SYNC. 4324 /SKIP MMCM FLAG SET
$ JMP SYNC /UA IT LOOP
S JNS ADC /READ AMP bEFORE DROOP
S - - DCA \JAL - /STORE PEAK AMPLITUDE
I NOP /NOW FIND THE POSITIONS
1 6341 /READ X PEAK LOCATION
S TI. - .iNI CVRT - /MASK OFF TWO MSR.COMPLEMENT
S DCA \JXL /ITORE THE X PEAK LOCATION
5 4342 /RD) Y PEAK LOCATTON
S T2, - JIll CURT /MASK.COMPLEMENT -- -

S DCA \JYL /ITORE THE V PEAK LOCATION —

IF (512—JYL ) 315,315.320
315 - JYL.JYL—512

JAL —JAL
320 CONTINUE

- -  IF ( JX L—3~O)325,310,31O
325 IF (JYL—254)330.310.310
330 CONTINUE
I - JMP I PEAK /00 bACK TO CALLING PROSRAM

C THIS IS THE CONVERT SUbROUTINE FOR READING THE PEAK
C LOCATIONS . THE TOP TWO SITS MUST K MASKED OPF.AND
C THE REMAINING WORD MUST SE COMPLEMENTED. THE PEAK
C LOCAT ION IS 115 THE ACCUMULATOR.

S C VRTL. 0000 /REMEMPER CALLING ADDRESS
S CMA /COMPLEMENT - -

S AND (1777 /I TRIP IT
I -- JMP I CVRT /RETURN -

C THII II A ROUTINE TO READ THE VALUE FROM THE ADS CONVERTER-
C THE IMPORTANT CODE COMMANDS ARE S
C 4350——CLEAR THE A/D REGISTER
C 4351——LOAD THE A/P MUX -

C 4352——START THE A/P CONVERSION
C 4353——READ THE A/D REGISTER
C 4354--SKIP ON CONVERSION COMPLETION -

C A~ 5ö—-LOAD ENAbl E REGISTER
C THE MIIX CHANNEL USED TO SAMPLE THE PEAK IS 0000.
1. GET ON W ITH THE PROGRAM I

S ADC. 0000 /EAVE CALLING ADDRESS
/CLEAR THE AID REGISTER
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S TAP (32 /SET FOR NO INC.NQ INT.UNIPOL.NG TEST
S 4356 /LOA D ENABLE REGIITER WITH 0000
5 6351 /LOAD NIJX W ITH 0000 FOR CHANNEL •$ 4352 /ITAR T CONVERSION
S DONE. 6354 /IKIP IF A/D DONE
$ JMP DONE /D000LE I
5 4353 /READ A/D VALUE INTO AC
S JMP I ADC /RETURN

C THIS IS A PROGRAM TO PROVIDE CROSSNAIRI AND APERTURE COMRANHO
C FOR THE ACME INTERFACE • THE FOUR ARGUMENTS ARES
C - XX I ——LEFT HAIR
C 1X2 ——RIGH T HAIR
C XVI ——TOP HAIR
C 7Y2 ——b OTTOM HAIR -

C THE IMPORTANT CODE COMMANDS FOR THE INTERFACE ARE S
C 4~ 11 --OUTPUT LEFT CROIINAIR
C 4312 -—OUTPUT RIONT CROISNAIR
C 4321 -—OUTPUT TOP CROSSNAIR
C 4322 ——OUTPUT bOTTOM CRODIHAIR
C 4314 --RESET FRAME FI.*S FOR SURE SYNC
C 4324 -—SKIP WHEN FLAS SET
C ALL ADDRESSES ARE LOADED FROM THE ACCUALATOR.
C THE. RANGE OF VALUES FOR THESE VALUES ARES
C I < LEFT < RIOHT < 3 ~~C 1 <TOP < bOTTOM -C 254

5 AR, 
- 

0000 /REMEMPER CALLING AGGRESS
C CHECK ON HAIR bOUNDS .
410 IF (1X2—IXI) 500.420.4 20
420 IF (IY2—IYI) 510.430.430
430 IF (IX I—1) 520.440.440
440 - -  - IF (3~0—IX2 ) 530.450.450
450 IF (IYI—I) 540.440.440
460 IF (254—IY2) 550.470.470
470 - CON TINUE
S CLA -

S TAD \IXI /LOAD LEFT HAIR
S .

~~~~
...

S TAD \IX2 /LO*D RIGHT HAIR
5 4312 /INOVE IT
S TAD %IY1 /L.OAD TOP HAIR
I 4321 /IHOV( IT
S TAD \IY2 - /LOAD OTTON HAIR

.5 _ -4322
I JMP I AR ‘RETURN TO CALLING PROGRAM
500 WRITE (1,505)
505 - FORMAT ( I5HL/R - WRONG ORDER)

00 TO 560
510 WRITE (1.513)
515 FORMAT(ISNT/b WRONG ORDER) -

-

GO TO 340
520 WRITE (1.525)
525 FOR$AT(I3HL/R TOO SMALL) -

00 10 540
530 WRITE (1.535) -

535 FORMAT(13HL/R TOO LARGE)
GO TO 560

540 WRITE (1.545)
5-45 FORPSAT(IJNT/b TOO SMALL)

00 TO 540
550 WRITE (1.555 ) -

555 - - - FORISAT(IJHT/P tOO LARGE)
540 WRITE (I.570)1Xt.I%2.IYI.IV2
570 FOR$AT(I2NAP ERROR S L..I7.4X.2HO .,I7,4X.1NTa~I7p4Z,2Np.,I7)S JMP lA P  /RSTURN
000 CONTINUE -

END
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